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Summary of Objectives and Approach.

The objective of the research is to show that ceramic particles can be melted in flight, undercooled in
flight, and impacted on a substrate to form a thick film. It is further hypothesized that with
adequate process control, deposits of high temperature ceramics can be created on heat sensitive
substrates, e.g., hybrid electronic structures.

The approach is to flow powders (individually or en masse) in a gas stream through a region of high
photon flux (a laser beam) to melt the powders, cool the molten particles by radiation, convection and




conduction during free flight, and control phase selection and droplet spreading on a substrate by
modeling, in-process diagnostics, and metallographic examination of the deposits.

The primary application of this process is for the sealing of hybrid ceramic bio-implantable devices,
such as pacemakers. Ceramic pacemakers have communication capabilities, integrated feedthroughs,
and are MRI and biologically compatible. There is presently no known biocompatible method for sealing
these hybrid devices. Other applications include the formation of thick films at high rates for
ceramic superconducting tapes and wires, ceramic superconducting coatings for electromagnetic
shielding, thermal barrier coatings on heat sensitive substrates, micro coatings for MEMS components,
and ceramic joining.

Summary of Technical Progress.

A process simulation was developed, and experiments in heating and melting powders with various light
sources were carried out. Powder delivery through a laminar flow nozzle was accomplished and the flow
rates, particle velocities, and dispersion of the particle stream were measured. Samples from
experiments with a 4kW laser diode source were examined in a scanning electron microscope.
Apparatus was constructed to allow manipulation of the particle stream with a robot arm, and deposits
of alumina and high temperature superconductors were produced.

A summary with pictures and movies is available in Power Point: “"deposition of undercooled liquid
ceramics final report.ppt” .

Powder heating - Heating sources such as a quartz lamp, nichrome wire, laser diodes, Nd:YAG laser,
4kW diode laser, and 3 kW CO; laser were examined. The former sources do not have enough fluence
to melt alumina powders in flight, but are useful for preheating powder streams. Testing was
accomplished with a Pt-Rh thermocouple placed in the powder heating area. The nichrome wire heater
was deemed the best for heating up to 1000C where the powder stream is still contained in a quartz
tube. Above this temperature powders tend to stick in the tube, and further heating must be done in
the free (uncontained) stream. A 45 watt three bar diode laser was tested with diffuse reflectors of
various diameters. The temperature reached by the thermocouple was inversely proportional to the
area (diameter) of the reflector. Various lens/reflector combinations were tested with a 150W
Nd:YAG laser as well. The Nd:YAG laser with a cylindrical lens and reflector was capable of melting
stationary powders, however, the 4 kW source was necessary to melt moving particles in cold gas
streams. Melting experiments using the 4 kW diode laser were carried out on powders from 45-109
microns in diameter, at 4kW and velocities up to 10 ms™. Four different powders were tested, two high
purity grades of alumina, one low (96%) purity grade, and high temperature superconductors. The
results of all the above experiments were used to tune the process simulation. In addition, similar
powders were tested using a 3kW CO; laser at University of Tennessee Space Institute in Tullahoma,
TN.

Nozzle testing - Because the energy absorbed by the sample in an optical beam is proportional to the
residence time, it is important to propel particles at as low a velocity as possible for melting. The
design trade-off is the velocity required to spread the droplet on a substrate. A one mm i.d. pipette
was tested with powders from 50-70 microns in diameter at 20 ms™. At a 4 cm distance, less than 10%
of the powder fell outside a 4 mm diameter. This design is considered sufficient for initial tests.




Deposits - It is evident from the 4 kW laser tests that a multi-stage heating apparatus is necessary to
melt alumina at sufficient velocity to form good coatings. The deposits formed with the lower purity
alumina were agglomerations of spheres, except where some portion of the optical beam was directed
on the deposit. In these cases, monolithic deposits were created. The lower melting temperature and
higher absorptivity of the ceramic superconductors allowed melting in the 4 kW beam and thick film
deposits were generated. These experiment were repeated with the 3 kW CO; laser. This laser showed
better absorptitivy, but had less total power. Results were similar.

Summary - The high temperature superconductors show good promise for thick film deposition. Higher
temperature ceramics, such as alumina will require about twice the power in the optical beam, i.e. 8kW,
for deposition to be successful.

Transitions and DOD Interactions.

Contacted Harold Weinstock AFRL/AFOSR concerning fabrication of superconducting films.
Contacted Don Gubser and M.A. Imam at NRL concerning superconducting deposits.

Current Students and Recent Graduates Supported by ONR.

1. Name: Blythe Gore
+ US Citizen/Permanent Resident: citizen
+ Thesis: none
+ Graduated: scheduled to graduate from Northwestern May, 2001
+ Home Page:
+ Job: Ms. Gore was employed as a summer undergraduate worker

Related Research Projects.

Microgravity Processing of Oxide Superconductors (NAG8-1275, end date May 31, 2000). This project
is related because of the emphasis on controlling phase selection via undercooling and splat quenching.
High Speed Thermal Imaging for Process Development and Control (Sandia National Laboratory,
contract BD-0123) is related because of the work with in-process thermal imaging and control of laser
processes.

Superconductor deposits on textured substrates were sent to Amit Goyal at Oak Ridge National
Laboratories for texture analysis in conjunction with the RABITS program.
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